The competency of Safety Practitioners has given rise to a number of competency frameworks of varying levels of complexity, (HSE/IET/BCS, 2007 , Rail Safety & Standards Board, AEA Technology, 2003. To date the focus has been on the content and structure of these frameworks, with respect to the criteria that must be satisfied to substantiate competency claims. Here we do not attempt to provide a competency framework or identify specific criteria for safety practitioners. Instead we focus on the question of how to assess an individual against any given framework. Existing schemes frequently attempt to assess against competency as a whole and employ a single assessment method that does not take account of a competency's multi-faceted structure. This can be overcome by assessing competency at the subcomponent level. We propose an approach to assess one subcomponent of competency, namely practitioner behaviour and provide evidence of the effectiveness of the approach.
Introduction
The role of the human is considered from a number of different perspectives during the development of safety arguments, including the way in which the safety process is undertaken. Safety arguments typically address this aspect by the inclusion of safety practitioner competency claims in confidence arguments. The evidence for these confidence claims typically takes the form of a subjective assessment of the practitioner. This process can consist of a self assessment and some form of discussion between the safety practitioner and their manager. Alternatively, the review can be undertaken by an independent assessor. This discussion/review often takes place within a competency framework [1] . This type of assessment raises a number of issues. To make a compelling argument that a system/product is acceptably safe, the supporting body of evidence has to be appropriate and as strong as possible. As the quality of the evidence is a key factor, the question that must be addressed is can stronger more objective measures be produced for aspects of competency?
What is Competency?
The problem of assessing competency is further complicated by the debate surrounding the definition of competency itself.
Some definitions relate only to the attainment of qualifications whereas others take account of skills, abilities and finally behaviours. The definitions provided by institutions such as the IET [2] , INCOSE [3] etc focus on knowledge and abilities. Other definitions take account of the point at which individuals feel responsible for the consequences of their actions. It is clear from the literature that competency is a term believed to be understood but its meaning is ambiguous. The definitions used in the field of engineering, especially system safety, are overly simplistic in comparison to those supported by the psychology field, where extensive research has been undertaken, in particular by McClelland [4] , Boyatzis [5] and Spencer and Spencer [6] , all of whom have links to the U.S. consultancy firm McBer & Co.
No single example identified in the state of the art provides a definition of competency appropriate to a safety practitioner. The definition of competency can however be synthesised from a number of elements of the state of the art. Competency can be summarised into three sub components namely Knowledge, Ability and Behaviours (KAB). The U.S. approach (including that of McClelland etc) focuses on behaviours. As domain can impact competency, these components have to be considered in the domain context in which they are to be applied.
What is Behaviour?
The Oxford English Dictionary (OED) defines behaviour as:- 
How Can Behaviour Impact Safety?
The impact of poor behaviour can result in catastrophic consequences. Gerstein [8] discusses the concept of the "Organisational Bystander" which is defined as "individuals who fail to take the necessary action even when important threats or opportunities arise". This is very much influenced by the stories people tell themselves (including outright denial) as well as the attitude and behaviour of others within the organisation. One such often quoted example is the Columbia Shuttle Disaster. Engineering staff initially raised concerns with respect to the potential damage caused to the Orbiter by the foam debris from the external tank. However in the events that followed their management either ignored their requests for additional data to analyse the damage, or failed to act based on preconceived opinions as to the limited damage that foam debris could cause. Failing to get the support from their immediate superiors the individuals concerned became organisational bystanders when they failed to take the issue further. Behaviour can also impact safety due to the normalisation of deviance. Vaughan [9] cites this as a key factor in the loss of the Challenger Shuttle. In this case there were known issues with the solid rocket boosters. Over time engineers and management became comfortable with the anomalous behaviour of the rocket booster joints. As no accident was realised with progressive flights, the level of acceptance increased rather than the recognition and appropriate action to address the design flaws. This concept of normalisation of deviance applies equally to the issue of foam debris on Columbia. Foam debris was a frequent occurrence but no accident had been realised.
Assessment Methods
The frequently used default assessment method of self assessment is fundamentally flawed. Kruger & Dunning [10] discuss how an individual's incompetence in a given domain robs them of the ability to recognise that they are in fact incompetent and hence the result is inflated self assessments. This has become known as the "Dunning-Kruger Effect". In addition to self assessment other assessment methods that may be employed include formal assessment, interviews, psychometric testing and behavioural assessment. The objective of the alternative method proposed in this paper is to establish a more objective, consistent and repeatable assessment method for the behaviour sub component of competency. The key aspect of the approach is the deconstruction of a competency, such that the assessment method selected is tailored to the sub component in question and therefore not compromised by employing a "one size fits all" approach.
Assessment of the Behaviour Component of Competency
An easy to use assessment method that does not require the aide of occupational psychologists or other specialists is key to developing a suitable assessment method for the behaviour sub component of competency. Geller [7 p .137] makes the point that if one is trying to measure behaviours then how they are defined is critical such that different people will obtain the same results if observing an individual. Specifically "there should be no room for interpretation". This is put into context by the examples of behaviours defined as "acting careless" or "paying attention". If these behaviours are to be assessed then different assessors are likely to interpret the actions of the individual under assessment differently. The behaviours have to be defined in a more objective and specific manner, for example "keeping hand on handrail" or "moving knife away from body when cutting". These behaviours should yield the same result irrespective of who is undertaking the assessment.
Geller [7 pp132 -151] developed the Critical Behaviour Checklist (CBC) as a means to assist in changing behaviour based on the Activator Behaviour Consequence (ABC) model. Activators direct people which results in a Behaviour, with the Consequence being a motive for that behaviour. The CBC provides a means of assessing people's behaviours in an observation and feedback process, such that intervention can be instigated as required to adjust behaviours. The CBC in its original form is task based as shown in the example in Figure  1 , that is for a given task a list of critical behaviours must be identified, which form the criteria against which the individual undertaking the task can be assessed.
Figure 1 Critical Behaviour Checklist
The CBC will require tailoring to suit the requirements of an assessment process for a behaviour sub component of a competency for safety practitioners. These amendments will include listing behaviour descriptors as opposed to tasks and making compliance statements against these as opposed to "safe" or "at risk" determinations. These are evocative terms which are unlikely to assist in assessing individuals. The checklist is essentially a means of determining compliance with the critical behaviours for the subject competency. Therefore terminology associated with compliance is more relevant. The attributes that would be used are "Compliant", "Partially Compliant", "Non-Compliant" and "Comments". It is important to acknowledge that a black and white approach is short sighted and that a "partial" compliance may be the case in a number of scenarios. The details of the partial compliance can be captured in the comments field thus providing information to support a gap analysis if training/experience requirements were identified. The % safe could be amended to % complaint with the basic equation calculated using compliant (safe) and non-compliant (at risk) values. The CBC with these amendments would then be of a form that could be used for the intended assessment of safety practitioners. The final aspect that requires further consideration is how the "critical behaviours" are identified.
It is important that these are not completely open to the assessor otherwise the process becomes nothing more than a slightly more elaborate form of self assessment.
Proposed Behaviour Assessment Process
This paper proposes a four step behaviour assessment process that uses a Look Up Table for identifying critical behaviours that are subsequently used to populate a CBC. The CBC then provides a more objective, repeatable means of behaviour assessment. The CBC population process is outlined in Figure 2 .
Populate CBC for a practitioner competency Table? Select a relevant sub-competency from Column A of Table
Yes (Y)
Look Up Table does 
Figure 2 CBC Population Process
The process outlined in Figure 2 has the following elements -a given behaviour component of a practitioner competency, is decomposed into a set of subcompetencies, for each of these a behaviour indicator is selected which enables the selection of behaviour descriptors. The descriptors are the critical behaviours used to populate the CBC which is a targeted checklist. The process is cognisant that a single sub-competency may link to several behaviour indicators and these in turn to several behaviour descriptors. To capture these the process has decision points for identifying if the original indicator has additional descriptors and if the practitioner competency has additional sub-competencies. Figure 2 shows the top level process with the steps for selecting sub-competencies, indicators and descriptors broken out into greater detail. The most immediate issue was to overcome as far as possible the subjective nature of defining the critical behaviours listed in the CBC. The work of Spencer and Spencer [6] was considered to be a potential solution to the CBC problem. Table 1 for the purpose of clarification.
Table 1 Look Up Table (Extract)
The purpose of using the Look Up Table is to determine which of the Behaviour Descriptors in column D apply to the behaviour sub component of a competency. These descriptors are in effect the critical behaviours required for the CBC and so will be used to populate it to enable a practitioner's compliance against them to be determined. To only list indicators (column C) would leave the process overly subjective. Therefore based on the generic competency models in [6] , the selection process would be structured to reduce the list of descriptors available for selection. Therefore only "eligible" descriptors could be selected to populate the CBC. A descriptor would only be eligible if the indicator (column C) from which it was mapped was selected and prior to this if the competency (column A) from which the indicator was mapped was selected.
Behaviour Assessment Process Example
An example competency is discussed for the purpose of illustrating the process outlined in Figure 2 . An example competency is defined as having the following behavioural sub component: "Has sufficient strength of character not to compromise on sincerely held beliefs under pressure" It is determined that this can be assessed by behavioural assessment. Hence the Process flow diagram at Figure 2 is applied.
Ø
Step 1 Does the behaviour map to the sub-competencies listed in the Look Up Table shown at Table 1 ? It is confirmed that the behaviour maps to a number of subcompetencies one of which is "Self Confidence" based on the description of the competency detailed in Column B of Figure 2 is cognisant of this and facilitates repeating a step. The end result of walking through the Look Up Table from left to right is a list of descriptors which are in effect the critical behaviours required to populate a CBC. This process is intended to provide a more logical approach using a simple process based around the selections made in a Look Up Table to populate the assessment method of a CBC with critical behaviours. This has the effect of not requiring assessors to read through long lists of descriptors. The selection process from competencies to indicators to descriptors provides a form of filtering such that when the selection of descriptors is required only a subset of the entire Look Up Table is eligible, based on the previous selection of indicators and sub competencies. On this basis the CBC is a tailored version of the overall look up table, specific to the behaviour in question, such that compliance statements can be made against the critical behaviours selected.
Is the Proposed Process Viable?
The objective of the evaluation is to determine if the behavioural assessment process proposed, can be used to identify behaviour descriptors for a given competency behaviour sub component, such that a CBC can be populated. The evaluation undertaken will be considered successful if the:-Ø Outcome is acceptable -the descriptors in the Look Up Table can be selected for the purpose of populating a CBC; Ø Usability of the process can be demonstrated -the process can be followed and competencies, indicators and descriptor selected; Ø Results are Repeatable -the selections made can be demonstrated to be repeated by a number of practitioners; Ø Guidance is adequate -the material provided for the process was easy to understand and use. Breakwell & Millward [11 pp.1-15] and Crompton [12] highlighted that a number of options are available to evaluate the proposal. The available evaluation methods are:
Ø Case Study; This could satisfy all of the success criteria as it assists in providing in depth information and capturing unusual situations. However, organisations are unlikely to invest in such an activity if no preliminary evidence exists of the viability of the proposed process. Ø Formal assessment; Provides a more scientific, demonstrable form of evaluation. However there is no equation or other quantitative means by which someone can be determined to meet a behavioural requirement.
This approach is helpful in gathering information on why respondents answered in the manner that they did. Ø Survey This method was selected as the most appropriate based on its ease of use, deployment, common approach for all respondents and the fact that it was relatively inexpensive and quick to elicit information. Care must be taken to minimise bias. For the purposes of repeatability the survey required that the proposed behaviour assessment process be repeated several times (deemed case studies).
The evaluation methods were employed iteratively. This provided the opportunity to modify the process (if required) and tailor the next phase of the evaluation based on the output of its predecessor. The phases were: Ø Proof of Concept -provided comparative baseline; Ø Phase 1 -sample of 9 engineers engaged in safety or safety related tasks; Ø Phase 2 -Interviews from Phase 1; Ø Phase 3 -sample of 58 engineers who had attended modules on SCSE course at University of York; Ø Phase 4 -Phase 1 versus Phase 3 comparison Phases 1 and 3 of the evaluation comprised of 3 "Case Studies", which were in fact 3 behaviours provided to ascertain if those undertaking the survey could follow the process detailed in Figure 2 for the given behaviour. This enabled direct comparison of the descriptors selected for a given behaviour, as well as capturing any issues where respondents considered that they were unable to map a behaviour to aspects of the Look Up Table.
Evaluation Results
Details of the survey and the results of the survey can be found at [13] . The Proof of Concept evaluation demonstrated the Usability and Outcome success criteria as well as providing a complete baseline for comparative purposes with Phases 1 & 3. The author was able to use the process to take a number of competency behaviour sub components and map them to eligible descriptors, which could be used to populate a CBC. No claims can be made for Guidance on the basis that the author developed the process and therefore is privy to information beyond that included in the guidance. No claims can be made for Repeatability for the obvious reason that there are no other results against which to compare the results. Of the 9 engineers canvassed, for Phase 1, 6 responded. From this data it can be concluded that Phase 1 demonstrated that respondents were able to follow the process for all case studies and ultimately assign descriptors to a behaviour sub component. On this basis a CBC can be populated and therefore demonstrate the Usability and Outcome success criteria for the Phase. Based on the comparison of Phase 1 results to the Proof of Concept, repeatability is typically limited only to the top 2/3/4 selections. This suggests either a limitation with the Look Up Table, the definition of the behavioural sub component or that the psychology of selection lent itself to respondents developing subconscious lists of what was required, which varied based on the individual's experience. The Guidance provided was insufficient and did not sufficiently explain the purpose of the process or consequences of not following the process.
For Phase 2, 3 interviews were conducted from the 6 engineers that responded to Phase 1. The overwhelming point that arose from the interviews was that the end purpose of the process was not fully understood even when interviewees thought that they did. The intention to use the descriptors to populate a Critical Behaviour Checklist was not appreciated. Following further explanation all interviewees were clearly more appreciative of the role of the selection process. For Phase 3, of the 58 engineers canvassed 16 responded. Phase 3 reflected the trends noted in Phase 1. All the success criteria were achieved with the exception that the Guidance was insufficient. The significant conclusion from Phase 4 was that the results for Phase 3 did indeed follow the selection trends first noted in Phase 1. Specifically the top selections were the same in both. Given that both have been compared to the Proof of Concept this means that all three have demonstrated the same trend in terms of top selections for sub-competencies, indicators and descriptors for all three case studies. This provides robust substantiation of the claims made with respect to repeatability.
Conclusions
The behavioural assessment process proposed is a four step process that utilises a Look Up Table to provide a consistent means of identifying behaviour descriptors (column D of Table 1 ) that map to the behaviour to be assessed. This enables the population of a Critical Behaviour Checklist which provides the means of assessing the behaviour. From the evaluation undertaken a trend was observed in the responses obtained. The top few behaviour descriptors selections made from the Look Up Table, for the purpose of populating the CBC, during the Proof of Concept, Phase 1 and then Phase 3 evaluation activities were comparable, with all three parties of the different sample group making the same selections. This trend was also present when the results of the two sample groups in Phase 1 & 3 were directly compared. From these results it can be concluded that the process developed does indeed satisfy the target criteria of repeatability, usability and outcome with guidance requiring some amendment. Further work is required around the definition of competency, the behavioural assessment method selected and the development of the assessments for the remaining competency sub components (knowledge and ability). With respect to the assessment method proposed a number of key activities were identified. These included;-Ø Populate a CBC with descriptors for three competencies used in survey and trial CBC as an assessment process: The process developed only populated the CBC and therefore requires further development to assess the CBC itself as an assessment method. It would therefore seem logical to take the top descriptors selected for each case study in the survey and populate a CBC (this would provide three CBC's). Each of these would then require evaluation to determine if the behaviours of engineers could indeed be consistently assessed using this approach. Ø Extend evaluation beyond definition of practitioner used in this project, to see if same results obtained for both the descriptors selected to populate CBC and the use of CBC itself: This project concerned itself with one definition of a safety practitioner. However the whole process should be repeated in variety of domains to determine if the results obtained are indeed the same. Phase 3 of the evaluation undertaken for the project provided an indication that the results may be the same based on the variety of alumni and students who undertook the survey. However the sample size was not large enough for any such claim to be made.
